SEMICONDUCTOR CHIP FOR DRIVING LIGHT EMITTING ELEMENT, LIGHT 
EMITTING DEVICE P^D LIGHITING EQUIPMEMT 

TECHNICAL FIELD 

The present invention relates to a semiconductor chip for 
driving a light emitting element, a light emitting device, and 
a lighting equipment. 

BACKGROUND AB.T 

Recently, in a mobile telephone, a digital camera, and 
other electronic appliances, a light emitting device for driving 
a light emitting element such as a visible light amittinc diode 
(a visible LED) and others, and a lighting equipment having a 
plurality of the light emitting device are used widely. As the 
electronic appliances are advanced in the scale of integration, 
a light emitting device having a smaller mounting area are 
demanded in a market . 

JP-A-2003-8075 (pa i:ent document 1 } discloses a technology 
of curtailing a mounting area of a light emitting device by 
mounting light emitting elements on protective elements to 
compose one light emitting module. Referring to Fig. 12 and 
Fig. 13, the light emitting device of prior art disclosed in 
patent document 1 is described beiow. 



Fig. 12 is a plan view of a structure of the light emitting 
device in prior art. Fig. 13 is a sectional view along broken 
line A-A' in Fig. 12. In Fig. 12 and Fig. 13, same elemen-s 
are identified with same reference numerals. The conventional 
light emitting device has substrate wirings 1203 (including a 
VCC wiring and a GND wiring) on a substrate 1202 . A light emitting 
module 1201, a power supply circuit 104, and a driver IC 1204 
are mounted on the substrate wirings 1203. Elements of in the 
light emitting module 1201, the power supply circuit 104, and 
the driver IC 1204 are electrically connected by the substrate 
wirings 1203. 

The power supply circuit 104 includes an input capacitor 
143 connected between the VCC wiring and the GND wiring, a coil 
141 connected to the input capacitor 143 by way or the VCC wiring, 
a Schottky diode 142 connected to the coil 141 by the substrate 
wiring 1203, and an output capacitor 14 4 having one end connected 
to t.he Schottky diode 142 and a voltage feedback terminal 125 
by way of the substrate wiring 1203, and other end connected 
to the GND v;iring. 

In the light emit-ing module 1201, a lead frame 114 is 
mounted above the substrate 1202. A Zener diode 1213 is fixed 
on the lead frame 114. The upside of the Zener diode 1213 is 
covered with an insulating film 131 except for pad holes 113. 

Bumps 115 are put on the pad holes 1 13 except for the portion 
near both ends on the Zener diode 1213, and a light emitting 



element 111 is mounted on the bumps 115. The light emitting 
element 111 is a visible light emitting diode (LED) . The Zener 
diode 1213 protects the light emitting element 111 frorri 
electrostatic breakdown or high voltage breakdown. 
5 In Fig. 12 and Fig. 13, two light emitting elements 111 

are mounted on two Zener diodes 1213 respectively. In the 
conventional light emitting device, by mounting light emituing 
elements 111 on Zener diodes 1213 to foriri an integrated module, 
the mounting area becomes smaller than when mounting Zener diodes 

10 1213 and light emitting elements 111 separately. 

One end of each one of two bonding wires 116 is connected 
to the pad hole 113 in the portion near the both ends on Zener 
diodes 1213. Other end of one bonding wire 116 is connected 
to an anode side terminal 1253, and other end Ol another bonding 

15 wire 116 is connected to a cathode side terminal 1254. 

In the driver IC 1204, the lead frame 114 is mounted above 
the substrate 1202. A driver IC chip 1212 is fixed on the lead 
frame 114. The upside of the driver IC chip 1212 Is covered 
with an insulating film 131 except for pad hole 113. 

20 One end of six bonding wires 116 is connected "o each one 

of six pad holes, and other end of each one of bonding wires 
116 is connected to each of externa^, connecuion terminals 
(including a control terminal 123, a voltage feedback terminal 
125, a switching terminal 124, a current feedback terninel 126, 

25 a VCC terminal 121, and a GND terminal 122) . Thus, through plural 
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bonding vjires 116, the driver IC chip 1212 is electrically 
connected to the external connection terminals. 

The VCC 121 terminal is connected to the VCC wiring. The 
GND terminal 122 is connected to the GND wiring. The control 
termiiial 123 is a terminal for receiving a signal for switching 
on/off the driver IC 1204. 

The switching terminal 124 is connected to the anode 
terminal of the Schottky diode 142 and the ceil 141 by means 
of the substrate wiring 1203. The voltage feedback terminal 
125 is connected to the cathode terminal of the Schot::ky diode 
142, the anode side terminal 1253 of the light emitting module 
1201, and the output capacitor liiA by means of the substrate 
wiring 1203. The current feedback terminal 126 is connected 
to the cathode side terminal 1254 of the light emitting module 
1201 by means of the substrate wiring 1203. 
Patent document I: JP-A-2003-8075 

DISCLOSURE OF THE I WENT I ON 

Problems to be solved by the Inven-icn 

The light emitting element is desired zo have higher 
luminance, and the power consumption of the light emitting 
element tends to increase year after year. Since the 
photoelectric conversion efficiency of the light emitting 
element is about 30%, 70% or more of the power consumption of 
the light emitting element is speni as heat, and the temperature 
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of the light eiriitting element is raised. In par-cicular, when 
the lighL emitting element is used continuously in the condition 
of high temperature over a operation guarantee temperature range, 
the element may be broken or deteriorate. To use the light 
5 emitting element within the operation guarantee temperature 
range of light emitting element, it is required to control the 
operation of the light emitting element by using a temperature 
detecting element for detecting the temperature of the light 
emitting element, 

10 In the conventional light emitting device, hovjever, since 

the temperature detecting element cannot be installed in the 
light emitting module 1201, inmost cases, temperature detecting 
element is not installed (hence, the temperature detecting 
element is omitted in Fig. 12 and Fig. 13) . When the temperature 

15 detecting element is installed in the conventional light emitting 
device, the temperature detecting element is mounted on the 
driver IC 1204 . That is, since the temperature detecting element 
is installed outside of zhe conventional light emitting module 
1201, the temperature of the light emitting element 111 cannot 

20 be detected accurately. In the conventional light emitting 
device, therefore, it v/as difficult to control operation, of the 
light emitting element based on its temperature. The 
conventional light emitting device had possibility of 
deterioration or breakdovjn of the light emitting element due 

25 to tamperature rise by heat generation of the light emitting 



element . 

The invention is intended to solve these prcb„en:is, and 
it is hence an object thereof to present a semiconductor chip 
for driving a light emitting element that accurately detects 
a temperature of the light emitting element by installing a 
temperature detecting element at a position closer to the light 
emitting elem.ent than in the prior art, and a light emitting 
device and a lighting equipment using -he same. 

The invention is also intended to present a semiconductor 
chip for driving a light emitting element capable of stopping 
heat generation of the light emitting element by stopping 
operation of a driver IC when temperature of the light emitting 
elemen- exceeds an upper limit, thereby preventing breakdov'vn 
or deterioration of the light emitting element, and a light 
emitting device and a lighting equipment using the same. 

I- is a further object of the invention to present a 
semiconductor chip for driving a light emitting element for 
adjusting the white balance of three primaries of red, green 
and blue colors depending on temperature by accurately detecting 
temperature of the light emitting element, and a light emitting 
device and a lighting equipment using the same. 

Moreover, it is an object ox tne invention to present a 
semiconductor chip for driving a light emitting element having 
a small mounting area, and a light emitting device and a lighting 
equipment using the same. 



Means for solving the problems 

To solve these problems, "he invention has the following 
structures . 

A light emitting device according to one aspect of the 
invention has a light emitting element having an electric signal 
terminal, that is driven to emit light by an electric signal 
given from outside to the electric signal terminal; and a 
semiconductor chip for driving the light emitting element, 
including a light emitting element driving circuit and a 
temperature detecting element that are made of a semiconductor. 
The light emitting element driving circuit outputs and applies 
the electric signal zo the electric signal terminal. The 
temperature detecting element detects an ambient temperature. 
The light emitting element is mounted on the semiconductor chip 
for driving the light emitting element, and is driven based on 
the temperature detected by the tem.perature detecting element. 

According to the invention, by mounting the light emitting 
element on the semiconductor chip for driving the light emitting 
element (driver IC chip) , and incorporating the temperature 
detecting element in the driver IC chip, the temperature of the 
light emitting element can be detected accurately at a very close 
distance, and the light emitting device of small mounting area 
IS realized. Also in the invention, for example, by stopping 
the operation of the driver IC when the temperature is high, 



heat generation of light emitting element is stopped, and the 
light emitting device capable of preventing breakdown or 
deterioration of light emitting element is realized. 

In the light emitting device according to another aspect 
of the invention, at least part of the temperature detecting 
element is disposed in a light emitting element disposed region 
that is a minimum region including the light emitting element 
projected on the semiconductor chip for driving the light 
emitting element. 

According to the invention, the ligh-_ emitting device 
capable of detecting the temperature of the light emitting 
element accurately is realized. 

In the light emitting device according to other aspect 
of the invention, the light Gm.ittlng element driving circuit 
is formed in the semiconductor chip for driving the light emitting 
element excluding the ligni emitting element disposed region. 

If the light emitting element driving circuit (driver 
circuit unit) is disposed in the light emitting element disposed 
region, heat generation of light emitting element and heat 
generation of driver circuit unit are concentrated locally, and 
the temperature may be raised . Accordingly, the driver circuit 
unit is formed in the region of the driver IC chip excluding 
the light emitting element disposed region, and the generated 
heat is dispersed on the driver ICchip, so that local temperatu-e 
peak can be suppressed. According tc the mvencicn, the light 
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emitLing device capable cf preventing deterioration or 
malfunction of light emitting eieinent or driver circuit unit 
due to temperature rise is realized. 

In the light emitting device according to other aspect 
of the invention, the light emitting element is a plurality of 
visible light emitting elements that erriit light at different 
wavelengths, and the semiconductor chip for driving the light 
emitting element drives the 1 ight emitting elements individually 
to maintain white balance of the plurality of light emitting 
elements based on the temperature detected by the temperature 
detecting element. 

The light emitting elements have ovm temperature 
characteristics depending on the types . For example, a red light 
emitting diode is larger indrop of luminance vjhen the temperature 
is raised, as compared with a blue light emitting diode or a 
green light emitting diode . In a light emitting device for color 
display having a plurality of visible light emitting elements 
emitting in red, greenandblue colors, it is important toraaintain 
the white balance on whole region of operating temperature range . 

Conventionally, it was difficult to detect the temperature 
of light emitting element accurately, and hence it was difficult 
to adjust the luminance oi plurality of visible light emitting 
elements emitting in red, green and blue colors depending on 
temperature. If the plurality of visible light emitting 
elements emitting in red, green and blue colors were disposed 



separately, it was necessary to provide each light emittina 
eleiuent with temperature detecting element, which was very costly 

According to the invention, since the temperature of light 
emitting element can be del: acted accurately, an inexpensive light 
emitting device capable of adjusting the white balance of RGB 
depending on temperature is realized, 

A lighting equipment according to one aspect of the 
invention includes a plurality of the above-mentioned light 
emitting devices. 

The invention realizes the lighting equiprnent having the 
above effects. 

A semiconductor chip for driving a light emitting element 
according to one aspect of the invention is capable of mounting 
the light emitting element. The light emitting element has an 
electric signal terminal and is driven to emit light by an electric 
signal given to the electric signal terminal from outside . The 
semiconductor chip has : a light emltt ing element driving circuit 
that outputs and applies the electric signal to the electric 
signal terminal; anda temperature detecting element thatdetects 
an ambient temperature . The semiconductor chip drives the light 
em.itting element based on the temperature detected by the 
temperature detecting element. 

According to the invention, by mounting the light emitting 
element on the semiconductor chip for driving the light emitting 
element {driver IC chip), and incorporating the temperature 



detecting element in the driver IC chip, the semiconductor chip 
for driving the light emitting element that accurately detects 
the temperature of the light emitting element at a very close 
distance and have a small mounting area car. be realized. Also 
in the invention, for example, by stopping the operation of the 
■ driver IC when the temperature is high, heat generation of the 
light emitting element is stopped, and the semiconductor chip 
for driving the light emitting element can prevent breakdown 
or deterioration of the light emitting element. 

In the semiconductor chip for driving the light emitting 
element according to another aspect of the invention, at least 
part of the temperature detecting element is disposed in a light 
emitting element disposed region which is a minimum region 
including the light emitting element projected on the 
semiconductor chip for driving the light emitting element. 

According to the invention, the semiconductor chip for 
driving the light emitting element capable of detecting the 
temperature of the light emittingelement accurately is realized. 

In the semiconductor chip for driving nhe light emitting 
element according to ether aspect of the invention, the light 
emitting element driving circuit is formed in the semiconductor 
chip for driving the ligh" emitting element excluding the light 
emitting element disposed region. 

If the light emitting element driving circuit (driver 
circuit unit) is disposed in the light emitting element disposed 



region, heat generation of light emitting element and heat 
generation of driver circuit unit are concentrated locally, and 
the temperature may be raised. Accordingly, the driver circuit 
unit is formed in the region of the driver IC chip excluding 
the light emitting element disposed region, and the generated 
heat is dispersed on the driver IC chip, so that local temperature 
peak can be suppressed. Accorcing to the invention, the 
semiconductor chip for driving the light emitting element capable 
of preventing deterioration or malfunction of light emitting 
element or driver circuit unit due to temperature rise is real ized 

In the semiconductor chip for driving the light emitting 
element according to other aspect of the invention, the light 
emitting element is a plurality of visible llgnt emitting 
elements that emit light at different wavelengths, and the 
semiconductor chip for driving the light emitting elements drives 
the light emitting elements individually . to maintain white 
balance of the plurality of light emitting elements based on 
the temperature detected by the temperature detecting element. 

According to the invention, since the temperature of light 
emitting element can be detected accurately, an inexpensive 
semiconductor chip for driving the light emitting element capable 
oi adjusting the v,'hite balance of RGB depending on temperature 
is realized. 

tvhile the novel features of the invention are set forth 
particularly in the appended claims, the invention, both as to 



organization and content, will be better understood and 
appreciated, along v;ith other obj acts and features thereof, f rorri 
the following detailed description taken in conjunction with 
the drawings. 

It will be recognized that some or all of the draviings 
are schematic representations for purposes of illustration and 
do not necessarily depict the actual relative sizes or locations 
of the elements shown. 



10 Effects of the Invention 

The invention provides a semiconductor chip for driving 
a light emitting element that accurately detects zhe temperature 
of the light emitting element, a light emitting device, and a 
lighting equipment using the same. 

15 According to the invention, by stopping the operation of 

the driver IC when the temperature of the light emitting elemen- 
exceeds the upper limit, a semiconductor chip for driving a light 
emitting element that stops heat generation of the light emitting 
element and prevents breakdovm or deterioration of the light 

20 emitting element, a light emitting device, and a lighting 
equipment using the same can be realized. 

According to the invention, a semiconductor chip for 
driving a light emitting element capable of preventing 
deterioration or irial function of the driver circuit unit due to 

25 temperature rise, a light emitting device, and a lighting 
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equipment using the same are realized. 

According to the invention, a semiccnductor chip for 
driving a light emitting element capable of adjusting the whits 
balance of red (R) , green ;G) , and blue (B) colors according 
to temperature, a light emitting device, and a lighting equipment 
using the same are realized. 

According to the invention, a semiconductor chip for 
driving a light emitting element having a small mounting area, 
a light emitting device/ and a lighting equipment using the same 
can be realized. 

BRIEF DESCRIPTION OF THE DR.AWINGS 

Fig. 1 is a plan view of a light emitting device in an 
embociment 1 of the invention. 

Fig. 2 is a sectional view cut along broken line A-A' in 
Fig. 1. 

Fig- 3 is a magnified front sectional view showing a 
position of a temperature detecting element in the embodiment 
1 of the invention. 

Fig. 4 is a plan view showing the position of temperature 
detecting element in zhe embodiment 1 of the invention. 

Fig. 5 is a circuii: diagram of the light emitring device 
in the embodiment 1 of the invention. 

Fig . 6 is a front view showing a position of a driver circuit 
unit in the e.n±)odiment 1 of the invention. 
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Fig. 7 is a plan vievv showing the position of the driver 
circuit unit in the embcdiment 1 of the invention. 

Fig. 8 is a plan view of a light emitting device in an 
embodiment 2 of the invention. 

Fig. 9 is a circuit diagram of the light emitting device 
in the embodiment 2 of the invention. 

Figs. 10 are circuit diagrams of a teir^perature detecting 
element in an embodiment 3 of the invention. 

Figs. 11 are diagrams showing a position of a temperature 
detecting eleiuent in an embodiment 4 of the invention. 

Fig. 12 is a plan view of a light emitting device in prior 

art , 

Fig. 13 is a sectional view cut along broken line A-A' 
in Fig. 12. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the best mode for carrying out the present 
invention will be described with reference to the drawings 
here ina f ter . 
<Embodiment 1> 

A light emitting device in an embodiment 1 of the invention 
is described with reference to Fig. 1 to Fig. 7. Fig. 1 is a 
plan view of the light emitting device in the embodiment 1 of 
the invention. Fig. 2 is a sectional view cut along broken line 
A-A' in Fig. 1. In Fig. land Fig. 2, same elements are identified 



with same reference nuir:eral5 . In Fig. land Fig. 2, same elements 
as in Che prior art shown in Fig. 12 and Fig. 13 are identified 
with same reference numerals. 

The light emi'ting device in the embodiment 1 of the 
5 invention has substrate wirings 103 (including a VCC wiring and 
a GND wiring) formed on a substrate 102, and a power supply circuit 
104 and a light emitting module 101 are inounted on the substrate 
wirings 103. Elements of the light emitting module 101 and 
elements of the power supply circuit 104 are electrically 

10 connected by the substrate wirings 103. The VCC wiring is 
connected to an external power supply, and the GND wiring is 
connected to a ground potential. 

The power supply circuit 104 has an input capacitor 143 
connected between the VCC wiring and the GND wiring, a coil 141 

15 connected to the input capacitor 143 by way of the VCC wiring, 
a Schottky diode 142 connected to the coil 141 by the substrate 
wiring 103, and an output capacitor 144 having one end connected 
to the Schottky diode 142 by way of the substrate wiring 103, 
and other end connecued to the GND wiring. 

20 Elements of the light emitting module 101 are explained. 

The light emdtting module 101 has external connection terminals 
(including a VCC terminal 121,- a GND terminal 122, a control 
terminal 123, a switching terminal 124, and a voltage feedback 
terminal 125) connected to the power supply circuit 104 by the 

25 substrate wiring 103. 
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The VCC nerminal 121 is connected to the VCC wiring. The 
GJ^3D nerrtiinal 122 is connected to the GND wiring. The control 
terminal 123 is usually connected to the output of a control 
circuit such as microcomputer, and receives a signal for 

5 switching on/off the light emitting device. 

The switching terminal 124 is connected to the anode 
terminal of the Schottky diode 142 and the coil 141 by the substrate 
wiring 103. The voltage feedback terminal 125 is connected to 
the cathode terminal of the Schottky diode 142 and the output 

0 capacitor 144 by the substrate wiring 103, 

The light erriitting device in the errJ^odiment: 1 of the 
invention does not have a current feedback terminal 126. In 
the light emitting device of the prior artf the current feedback 
terminal 126 is connected to the conventional light emitting 

5 module 1201, however, in the embodiment 1, since the light 
emitting elements ill and a driver !C chip 112 are connected 
inside the light emitting module 101, the current feedback 
terminal 126 is not needed. 

In the light emitting raodule 101 in the embodiment 1 of 

0 the invention, a lead frame 114 is mounted above the substrate 
102, and the driver IC chip {semiconductor chip for driving the 
light errducmg eiemeni:) 112 is fixed on the lead frame 114. The 
upside of the driver IC chip 112 is covered with an insulating 
film 131 except for pad holes 113, The pad holes 113 are portions 

5 tree from insulating film 151 on the driver IC chip 112. The 



17 



pad holes 113 are provided for mounting bumps il5, and for 
connecting bonding wires 116. 

Bumps 115 are put on the pad holes 113 except for the area 
near both ends, and light emitting elements Ilia and 111b are 
mQunred on the bumps 115. Bonding wires 116 are connected to 
five pad holes 113 near the both ends. Internal circuits in 
the driver IC chip 112 is elecrricaliy connected to external 
connection terminals (the VCC terminal 121, the GND terminal 
122, the control terminal 123, the switching terminal 124, and 
the voltage feedback terminal 125) by way of the bonding wires 

lie. 

What the light emitting device of the invention differs 
from the light emitting device of the prior art lies in that 
the driver IC chip 112 is built in the light em.itting module 
1 01, and that the light emitting elements Ilia and 111b are mounted 
on the driver IC chip 112 . Accordingly, che size of the substrate 
102 of the invention is smaller than the size of the substrate 
1202 of the prior art. In the light emitting device of the 
invention, since the light emitting elements Ilia and lllb are 
mounted on the driver IC chip 112, the m.ountifig area of light 
emitting device can be small. 

"he light emitting elements 111a and lilb [both are 
collectively indicated as light emitting elements 111 as shown 
in Fig. 5} are formed of individual chips. In the embodiment 
1 of the invention, a plurality of light emitting elements are 



mounted on the driver IC chip 13 2, In Fig. 1 co Fig. 7, two 
light emitting elements 111a and 111b are mounted. 

The light emitting eleinents lila and 111b are visible light 
emitting diodes (LEDs) . Desired light emitting colors of the 
light emituing elements can be used. In the embodiment 1, the 
ligh- emitting elements 111a and 111b are blue light emitting 
diodes, which emit white light ouusi de through transmission type 
focusing lens {convex lens) 119 having the surface coated with 
white fluorescent material. In the invention, zhe plurality 
of light e.-nitting elements may emit lights at different 
wavelengths. The convex lens 119 disposed on the upside of the 
light emitting elements 111 focuses the light of the light 
emitting elemen-s 111, intensifies the directivity of light, 
and heightens the luminance in a direction vertical to the 
substrate 102. 

A light permeable resin mold 117 covers, fixes and protects 
the entire structure Including the light emitting elements 111, 
the driver IC chip 112, the lead frame 114, and the convex lens 
119. The light permeable resin mold 117 focuses the light of 
the light emitting elements 111, and adjusts the ium.inance and 
directivity of light. The upper half of the light permeable 
resin mold 117 is parabolic form and forms a reflection plane 
for reflecting and concentrating the total light effectively 
a.nd enhancing the luminance in a direction vertical to the 
substrate 102. 
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In the embodiment 1, the light permeable resin mold 117 
and the convex lens 119 are made cf a same material to be 
incorporated. The plurality of light enitting elements Ilia 
and 111b are disposed near the focus of one hemispherical 
permeable focusing lens 119 having the surface coated with white 
fluorescent material and one reflection plane 117 which are 
forined to unify in the light emitting device. 

Fig. 3 i3 a schematic front magnified sectional view- 
showing inside of the driver IC chip. The driver IC chip 112 
in Fig. 2 is formedby covering the topof a P type silicon substrate 
132 in Fig. 3 v;ith the insulating film. 131. A N type well 312 
is formed in the top of P type silicon substrate 132, and a P 
type diffusion resistor 311 is for.med inside of the H type well 
312 . The P typedif fusion resistor 311 is a temperature detecting 
element making use of positive temperature characteristic of 
resistance. 

The upside of the P type diffusion resistor 311 is covered 
with the insulating film 1 31 . In the embodiment 1 , the insulating 
film 131 is a oxide filin (3i0-) . Material of the insulating 
film 131 is not limited to the oxide film (SiO;) , may be, for 
example, a nitride film (SiN) , a high polymer (polyimide, etc.), 
or a resin {epoxy, etc.;. 

Fig. ^ is a schematic plan view of the driver IC chip. 
Fig - 3 and Fig . 4 show the posit ion of the P type di f fusion resistor 
{the temperature detecting element) 311 built in the driver IC 



chip 112. The P type diffusioii resistor (the temperature 
detecting elemenr) 311 is disposed in a light eirdtting element 
disposed region 300. Herein, the "light emitting element 
disposed region" is "a region of minimum rectangular shape 
including all light emitting elements projected on the driver 
IC chip." 

The temperature in the light emitting element disposed 
region 300 is closest to the temperature of the light emitting 
elements 111. By disposing the temperature detecting element 
311 in the light emitting element disposed region 300, the 
temperature can be detected correctly. 

Fig. 5 is a circuit diagram of the light emitting device 
in the embodiment 1 of the invention. In Fig, 5, same elements 
as in Fig . 1 to Fig . 4 are identified with same reference numeral s . 
As shovffi in Fig. 5, the light emitting device in the embodiment 
1 of the invention includes a power supply circuit 10^ for 
increasing the voltage output by an external power supply 140, 
and the light emitting module 101 connected to the power supply 
circuit 104 by way of external connection -ermincls (the VCC 
terminal 121, the switching terminal 124, and the voltage 
feedback terminal 125) . 

In the power supply circuit 104, one end of the input 
capacitor 143 is connected to the external power supply 140. 
Other end of the input capacitor 143 is connected to the ground 
potential. A coil 141 is connected to the input power supply 



140 and the anode terminal of the Scho-tky diode 142. The carhcde 
terminal of the Schottky diode 142 is connected to one eac of 
the output capacitor 144. Other end of the output capacitor 
is connected to ~ne ground potential. 
5 The light emitting module 101 includes the light emitting 

element 111b and the light emitting element 111a which are applied 
with the output voltage of the output capacitor 14 4 through 
voltage feedback terminal 125, a temperature detecting circuit 
501, and a driver circuit unit (light emitting element driving 

10 circuit; 502 connected to the light emitting element Ilia and 
the temperature detecting circuit 501. The temperature 
detecting circuit 501 and thedriver circuit unit 502 are circuits 
rormed in the driver IC chip 112 in Fig. 1 and Fig. 2. 

The temperature detecting circuit 501 includes a constant 

15 current source 512, the temperature detecting element 311 
connected between the constant current source 512 and ground 
potential, a voltage comparator 513 having an inverting input 
terminal connected to the connection point of the constant 
current source 512 and the temperature detecting element 311, 

2 0 and a reference voltage 514 connected between a non- inverting 
input terminal of -he voltage comparanor 513 and the ground 
potential. The output of voltage comparator 513 is input to 
an AND circuit 524. 

The temperature dececting element 311 is the P type 

25 diffusion resistor shown in Fic. 3. Since the P type diffusion 
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resistor has 6 characteristic of increasing in the resistance 
value when the remperature is higher, the terminal voltage of 
the temperature detecting element 311 becomes higher along with 
temperature rise. When the cerminal voltage of the temperature 
cietecring element 311 exceeds the reference voltage 514, the 
output of the voltage comparator 513 becomes Low. 

The driver circuit unit 502 includes an Ai\D circuit 524 
having an input terminal connected to the temperature detecting 
circuit 601 and the control terminal 123, a current detecting 
resistor 523 connected betvjeen the cathode of the light emitting 
element 111a and the GND terminal 122, a vol tage detecting circuit 
522 connected between the current detecting resistor 523 and 
the output terminal of the AIO circuit 524, and a driving circuit 
521 connected between the output terminal of the AND circuit 
52 and the voltage detecting circuit 522. 

The AND circuit 524 receives an output signal of the 
temperature detecting circuit 501 and a control signal entered 
in the control terminal 123, and outputs a High signal when both 
are High to drive the driving circuit 521 and the voltage detecting 
circuit 522. The light emitting elements 111 emit light 
continuously. The AND circuit 524 steps zhe operation of the 
driving circuit 521 and the voltage detecting circuit 522 to 
stop entire of the driver IC chip 112 if either one of the output 
signal of the temperature detecting circuir 501 and the control 
signal entered in the control terminal 123 is Lev/. At the same 



time, light emission of the light emitting elements ill stops. 
By applying a pulse voltage to the control terminal 123, operation 
of flashing of the light eiuittinc elements 111 can be repeated. 

The voltage detecting circuit 522 includes an error 
amplifier 542 having an inverting input terminal connected to 
the connection point of the light emitting element 111a and the 
current detecting resistor 523, a comparative voltage 541 
connected between a non-inverting input terminal of the error 
amplifier 542 and the ground potential, a PWM comparator 544 
having a non-inverting input terminal connected to the output 
Terminal of the error amplifier 542, and a sawtooth wave 
oscillator 543 connected to a inverting input terminal of the 
PWM comparator 544 . 

In the voltage defecting circuit 522, the error amplifier 
542, the oscillator 543, and the PWH comparator 544 operate 
negative feedback so that the voltage between terminals of the 
current detecting resisror 52 3 may be equal to the comparative 
voltage 541 entered in the non-inverting input terminal of the 
error amplifier 542 . The voltage detecting circuit 522 controls 
the current flcv/ing in the current detecting resistor 523 to 
be constant, and keeps constant the current f lo'wing in the light 
emitting elements 111, so that the brightness of light emission 
is kept constant. 

The output term.inaiof the PWM comparator b44 of the voltage 
detecting circuit 522 is connected to one input terminal of an 
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AI^JD circuit 531 of the driving circuit 521 . Other input terminal 
of the AMD circuit 531 is connected to the output terirdnal of 
the Al^^D circuit 524. The output terininai of the AND circuit 

531 is connected tc a gate of a N channel type MOS transistor 
5 532 by way of an amplifier. 

A drain of the N channel type HOS transistor 532 is 
connected to the connection point cf the coil 141 and the Schottky 
diode 142, and a source of the N channel type MOS transistor 

532 is connected to the ground potential. The driving circuit 
10 521 controls the switching operation of the K channel type MOS 

transistor 532 based on output of the AND circuit 531. By this 
switching operation, the input voltage applied to the circuit 
including the coil 141 from che external power supply 1^0 is 
increased, and a higher voltage than the input voltage is output 

15 to the output capacitor 144. 

The voltage of the output capacitor 1^.^. is applied between 
the anode and cathode of electric signal terminals being Light 
emitting elements 111a and 111b connected in series through the 
voltage feedback terminal 125, and the light eir.itting elemen-s 

20 Ilia and 111b eip.it lights. The current flowing in the light 
emitting elements Ilia and 111b is detected as voltage by the 
current detecting resistor 523 connected in series to the cathode 
of the light emitting element Ilia. 

In the light emitting device of the invention ::hijs composed, 

2 5 the operation of supply the light e.mitting elements Ilia and 
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Illb with the constant current in is explained. When the current 
flowing in the light srr.itting eiements ilia and 11 lb is increased, 
the terminal voltage of the current detecting resistor 523 
becomes higher. W.hen the terminal voltage of the current 
S detecting resistor 323 becomes higher than the comparative 
voltage 5A1, and the voltage difference of the terrrdnal voltage 
of the current detecting resistor 52 3 ard rhe comparative voltage 

541 becomes larger, the output signal of the error amolifier 

542 of the voltage detecting circuit 522 becomes lower. 

10 The output signal of the error amplifier 542 is input to 

the non- inverting input terminal of the PWM comparator 544, and 
the output signal of oscillator 543 is input to the inverting 
input terminal of the ?WM comparator 544, so that Low period 
of the output signal of the PWM comparator 544 becomes longer 

15 and High period becomes shorter vjhiie the output signal of error 
amplifier 54 2 becomes lower. When the output signal of the PWM 
comparator 544 is high, the N channel type MOS transistor 532 
is turned on. Since the ON period is shorter, the amount of 
current ounput from the external power supply 140 and accumulated 

20 in the coil 141 becomes smaller. 

Since the current accumulated in the coil 141 is smaller, 
the output signal of the PWM comparator 544 is low, and when 
the N channel type MOS transistor 532 is turned off, the value 
ox voltage applied to the output capacitor 144 and the voltaae 

25 leedbacK terminal 125 is smaller. As a result, the current 
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flowing frcni the voltage feedback terminal 125 to the light 
emitting elerasnt llla and the light emitting element illbbecomes 
smaller, Consequently, the terminal voltage cf the current 
detecting resistor 523 is reduced, and the difference betvjeen 
the terminal voltage of the current defecting resistor 523 and 
comparative voltage 541 becomes smaller. 

The operation when the current flowing in the light 
emitting elements llla and IJ. lb becomes smaller is reverse to 
the operation explained above. Thus, the driver circuit unit 
502 controls zhe switching operation of the N channel type MOS 
transistor 532 sc that the terminal voltage of the current 
detecting resistor 523 may be equal to the comparative voltage 
541. In this manner, the driver circuit unit 502 controls so 
that a constant current may flow in the light emitting element 
llla and light emituing element 111b connected in series from 
the voltage feedback terminal 125. 

To the AND circuit 531 for controlling the N channel type 
MOS transistor 532, the output signal of the AND circuit 524 
which receives the output signal of the temperature detecting 
circuit 501 and the control signal received through the control 
terminal 123 is input. The P type diffusion resistor has a 
characteristic of increasing che value of resistance when the 
temperature is high, and the terminal voltage of the temperature 
detecting element 311 becomes higher along with temperature rise . 
When the teririinal voltage of the temperature detecting element 



3il exceeds the reference voltage the outpuu of the voltage 

comparator 513 becomes Low. As a result, the output signal of 
the Al-JD circuit 524 and the output signal of the AI-JD circuit 

531 become Lev;, so that the N channel type MOS transistor 532 
stops the switching operation. 

Thus, when the temperature of the light emitting elements 
111 is higher than the specified ;ipper limit ireference voltage 
514] due to heat generation of the light emitting elements 111, 
the switching operation of the N channel type MOS transistor 

532 is stopped zo cause light emission of the light emitting 
elements 111 lo be stopped. In this manner, the light emitting 
device of the invention operates to stop temperature rise of 
light emitting elements 111, and the light emitting elements 
111 isprotected fromde-eriorationor breakdown due tooperation 
at high temperature, 

The driver circuit unit 502 shown in Fig, 5 is disposed 
at the position shown in Fig. 6 and Fig. 7. Fig. 6 and Fig. 
7 show the relative positions of the light emitting elements 
111 and the driver circuit unit 502 on the driver IC chip 112. 
Fig. 7 is a plan view of the driver IC chip 112, and Fig. 6 is 
a sectional view cut along broken line A-A' in Fig. 7. The frame 
line w of the driver circuit unit 502 shown in Fig. 6 and Fig. 
7 does not show the structure of the driver circuit unit, but 
shows the region in which the driver circuit unit is disposed. 

The driver circuit unit 502 is disposed in a region 
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excluding the light emitting element disposed region 300 in the 
driver IC chip 112 . When the driver circuit unit 502 is disposed 
in the light emitting elairient disposed region 300, heat 
generation of light emitting elements 211 and hear generation 
of the driver circuit unit 502 may be locally concentrated, and 
the temperature in the region may be higher . In the embodiment, 
therefore, the driver circuit unit 502 is formed in a region 
excluding the light emitting element disposed region 300 on the 
driver IC chip 112, and the generated heat can be dispersed on 
the driver IC chip 112, and local temperature peak can be 
suppressed. By disposing the driver circuit unit 502 as shown 
in Fig, 5 and Fig. 7, malfunction of driver IC chip 112 can be 
prevented . 

The driver IC chip 112 in the embodimen- 1 is a constant 
current circuit that increases the input voltage to pass 
specified current to the light emitting elements 111a and 111b. 
Insteadof this constitution, the driver IC chipmaybea constant 
voltage circuit that increases the inpuc voltage to apply 
specified voltage to the light emitting elements 111a and 111b. 
In a different constitution, the driver 2C chip may include a 
constant voltage circuit far increasing the input voltage to 
be a specific vo i -cage, and a constant current circuit for passing 
a specified current to each one of plurality of light emitting 
elements connected in parallel. The driver IC chip may include 
a constani: current circuit for passing a specified current to 



light eitiitting elsinents 111a and 111b, or a cGnstant voltage 
circuit for applying a specified voltage to light enitting 
elements lila and 111b by decreasing the input voltage. 

In Fig. 1 to Fig. 7 of the embodiment 1, two light emitting 
5 elements 111 are connected in series, but the number of light 
emitting elements connected in series is not limited to two, 
but the invention includes series connection of any number of 
plurality. The invention alsc includes a light emitting device 
having a plurality of pairs connected in parallel, each of which 

10 includes a light emitting element and a resistor connected in 
series to the light emitting element. Of course, only one light 
emitting element may be used. 

In the embodiment 1, one convex lens 119 is disposed on 
the light emicting elements 111, but a plurality of convex lenses 

15 may be dispcseddepsndingon thenumberof light emitting elements. 
For example, one light emitting element may be combined with 
one convex lens. 

<Embcdiment 2> 

2 0 A light emitting device in the embodiment 2 of the invention 

is described with reference tc Fig. 8 and Fig. 3. Fig. 8 is 
a plan view of the light emitting device in the embodiment 2 
of the invention. In Fig. S, same elements as in Fig. 1 are 

identified with same reference numerals. What zhe light 
25 emitting device in the embodiment 2 differs from the light 
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emitting device in the embodiment 1 lies in that the light emitting 
device has three light emitting eleir.enrs 811, and a driver IC 
chip 812 of the embodiment 2 instead of the driver rc chip 112 
of the embodiment 1. In the embodiment 2, since the other 
constitution is same as in the embodiment 1, duplicate 
explanation is omitted. The light emitting device of the 
embodiment 2 includes a red light emitting element 811R, a green 
light emitting element 811G, and a blue light emitting element 
811B mounted on the driver IC chip 812. 

Fic. 9 is 5 circuit ciagram of the light emitting device 
in the embodiment 2 of the invention. In Fig , 9 of the embodiment 
2, same circuit elements as in the embodiment 1 in Fig. 5 are 
identified vjith same reference numerals. The light emitting 
device in the embodiment 2 of the invention includes a power 
supply circuit 10^ and a light emitting module 101 connected 
to the power supply circuit 104. The power supply circuit 104 
is same as that in the embodiment 1 . 

The light emitting module 101 of the embodiment 2 has a 
temperature detecting circuit and a driver circuit unit mounted 
on a driver IC chip 812. 

The temperature detecting circuit includes a constant 
current source512, a temperature detecting element 311 connected 
between the constant current source 512 and the ground potential , 
di f r erent ial ampl i f iers 91 1 , 912 , 913 having non-invertina input 
terminal connected to the connection point of the constant 



current source 512 and the temperature detecting element 311, 
for signals of light emitting colors R, G, B, reference voltage 
sources 921, 922, 923 connectedbetween inverting input terminals 
of the differential amplifiers 911, 912, 913 and the ground 
potential, and differential amplifiers 931, 932, 933 having tne 
non-inverting input terminals connected to the output terminals 
of differential amplifiers 911, 912, 913. 

The voltages of reference voltage sources 921, 922, 923 
are input to inverting input terminals, and the voltage detected 
by the temperature detecting element 311 is input to the 
non-mverting input terminal, and the differential amplifiers 
911, 912, 913 output the voltage value by amplifying their 
difference. 

The voltages detected by current detecting resistors 941 , 
942, 9^:3 ars input to inverting input terminals, and tne output 
voltages of differential amplifiers 911, 912, 913 are inpu- -q 
non-inverting input terminals, and zhe differencial amplifiers 
931, 932, 933 output the voltage value by amplifying their 
difference . 

The output terminals of differential amplifiers 931 , S32, 
933 are connected to anodes of the red light emitting element 
81 IR, the grsen light emitting element 81 IG, and the blue light 
eirdtting element 811B. The cathodes of red light emitting 
element 81 IR, green light emitting element 811G, and blue light 
emitting elemen" 81 IB are connected to inverting input terminals 



of differential amplifiers 931, 932,933. 

The gains of differential amplifiers 9il, 912, 913 
individually vary depending on the luminous efficiency by 
temperature of RGB. GenerallVr luminance of light emitting 
5 elements of R, G, B is lowered when the temperature rises. In 
particular, the luminous efficiency of the red light emitting 
element SllR drops suddenly at high temperature, .^iccording, 
in the driver circuit unit mentioned below is designed to change 
the current flowing in light emitting elenientsofR, G, Bdepending 

10 on the temperature characteristics of elements vmen the 
temperature becomes high. 

The temperature detecting element 311 is a F type diffusion 
resistor. When the temperature is high, the resistance of the 
temperature detecting element 311 is increased. When the 

15 terminal voltage of temperature detecting element 311 beconies 
high, the light emitting device raises the voltage supplied to 
the light emitting elements 811R, 811G, GllB, to elevate the 
luminance of light emitting elements. As a result, sudden drop 
of luminous efficiency at high temperature is coinpensa iied, and 

20 the white balance of RGB is adjusted. 

The differential amplifier 911 fox the red light emitting 
element 811R is higher in the gain of feeding bacK cnange amount 
cf the output voltage of the temperature detecting element 311 
to the current of light eirdtting element than other differential 

25 amplifiers S12, 913. 



The driver circuit unit includes current detecting 
resistors 941, 942, 9^33 connected between cathodes of the red 
light emitting element 811R, the green light emitting element 
811G, and the blue light emitting element SUB, and the GND 
terminal 122, a voltage detecting circuit 522 connected to the 
voltage feedback terminal 125 and the control terminal 123, and 
a driving circuit 521 connected between the voltage detecting 
circuit 522 and the switching terminal 124. 

The inverting input terminal of the error amplifier 542 
of the voltage detecting circuit 522 is connected to the vcltage 
feedback terminal 125 . other structure of the voltage detecting 
circuit 522 is same as in the embodiment 1 . The voltage detecting 
circuit 522 operates negative feedback so that the output voltage 
of the output capacitor 1 4 4 may be equal to the comparative voltage 
5^21 input to the non-inverting input terminal of the error 
amplifier 542. 

The internal circuit of the driving circuit 521 is same 
as in the embodiment 1, and explanation is omitted. 

Instead of the configuration of light emitting device in 
the embodiment 2, the current flov;ina in green and blue light 
emitting elements 811G and SUB may be decreased so that the 
v/nite balance rr.ay be maintained when the temperature rises while 
keeping the current flowing in the red light emitting element 
811R constant . When the temperature becomes high, the luminance 
drops, however, since the white balance is maintained, the user 
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hardly senses strangeness. 

The R, G, B light emitting elements of the embodinient are 
designed to lower the luminance when the temperature becomes 
high. b3ct liirdted to this configuration, it Is also possible 
5 tc use light emitting elements of elevating the luminance when 
the tsiTiperature becomes high. 

In the embodiment, a plurality of convex lenses may be 
provided depending on the number of light emitting elements 611R, 
BUG, and SUB. 

iO 

<Snibodiment 3> 

Alight emitting device in the embodiment 3 of the invention 
is described with reference to Figs. 10. Figs. 10 are circuit 
diagrams showing a internal circuit cf a temperature detecting 

15 element. What the light emitting device in the embodiment 3 
differs from the light emitting device in the embodiment I lies 
only in the temperature detecting element. 

Fig, lOA is a nsmperature detecting element in the 
embcdiinent 2. Fig. lOB is a temperature characteristic of Fig. 

20 lOA. Each of Fig, IOC, lOD, and IGF is a temperature detecting 
element in the embodiment 3. Fig. 1 OE is a temperature 
characteristic of Fig. IOC and Fig. lOD. Fig, lOG is a 
temperature characteristic of Fig. lOF. In Fig. lOE, lOE, and 
lOG, the horizontal axis denotes the temperature, and the 

25 vertical axis represents the output voltage. 
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Fig. lOA shov;s, for reference, the temperature defecting 
element in the embodiir;en~ 2, having the P type diffusion resistor 
311 and the constant current source 512, and Fig. lOB shows its 
temperature characteristic. This temperature detecting 
5 element outputs the voltage VO at both ends of the P type diffusion 
resisuor 511. The voltage VO depends on temperature, and the 
value of voltage is increased when the temperature rises. 

The temperature detecting element in Fig. IOC has a diode 
1011 having a canhode connected to the ground potential, and 

10 a constant current source lo connected to an anode of the diode 
1011. This temperature defecting element outputs an 
anode-cathode voltage VI from the connection point of the diode 
1011 and the constant current source Iq. The voltage VI is 
decreased vjhen the temperature rises as shown in Fic, ICE. 

15 The teaiperature detecting ele.Tient in Fig. lOD has a 

constant current source I,, a constant current source I;, and 
a bipolar transistor 1C12 having the base connected to the 
constant current source Ij, the collector connected to the 
constant current source I;, and the emitter connected zo the 

2G ground potential. This temperature detecting element outputs 
a base-emitter voltage V2 from the connection point of the 
constanL current source I.: and the bipolar transistor 1012 . The 
voltage V2 is oecreased when the temperature rises as shown in 
Fig. lOE. 

25 The temperature detecting element in Fig. lOFhas a P type 
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diffusion resistor 1013 having one end connected to the ground 
potential, a constant current source I; connected to other end 
of the P type diffusion resistor 101, a bipolar transistor 1014 
having the base connected to the connection point of P type 
diffusion resistance 101 and nhs constant current source 1-f 
and the emitter connected to the ground potential, and a constant 
current source I; connected to the collector of the bipolar 
transistor 1014. This temperature detecting element outputs 
a collector voltage V3 of the bipolar transistor 101"^ froir: the 
connection point of the constant current source I; and the bipolar 
transistor 1C'14. The base voltage of the bipolar transistor 
1014 is given by voltage VG at the connection point of the constant 
current source Ij and the resistor 1013. The voltage VO is 
increased and V3 is decreased v/hen the temperature rises as shown 
in Fig. lOG. 

As shown in Fig. IOC, lOD, and 10?, the temperature 
detecting element of the embodinient 3 has a circuit for feeding 
back a temperature depending on whether the characteristic is 
positive or negative in relation to the temperature parameter. 

Except for thepolarity and gain of feedback, the structure 
of the embodiment 3 is same as in the embodiments 1 and 2 except 
the temperature detecting elements. Duplicate explanation is 
omitted. Since the structure of essential parts in the 
embodiment 3 is the same, the same effects as in the embodiments 
1 and 2 are obtained. In this the eirdDodiment, combinations of 



number of light emitting elements and number of convex lenses 
is arbitrary, same as in the Gmbodiment 1. 

<H;inbodiment 4> 

5 A 1 ight emitting device in the embodiment 4 of the invention 

is described with reference to Fig. 11. Fig. 11 is a plan view 
shcv/ing the position of a temperature detecting element 
incorporated in the driver IC chip in the embodiment 4 ox the 
invention. What the light emitting device in the embodiment 

iO 4 differs from the embodiment 1 lies only in the position of 
temperature detecting elements. 

Fig. IIA is a diagram showing a region for disposing a 
te.nnperature detecting element v;hen four square light emitting 
elements 111 are disposed . Fig.llBisa diagram showing a region 

15 for disposing a temperature detecting elements vjhen three 
circular light emitting elements III are disposed. 

In the embodiment 1, the whole temperature detecting 
■ element 311 (in Fig. 3 and Fig. 4) are disposed in light emitting 
element disposed region SCO . In the embodiment 4 , part of regions 

2C 1111 and 1112 for disposing a temperature detecting element (in 
Figs. 11} is present within the light emitting element disposed 
region 30C. When at least part of the temperature detecting 
element is disposed in light emitting element disposed region 
300 as in the embodiment 4 , temperature of light emitting elements 

25 can be accurately detected, and breakdown or detericration of 
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light emitting elements car; be prevented. 

in Figs. 11, the region of each light ernitting element 
projected on the driver IC chip is not overiappeciwith the disposed 
regions 1111 and 1112 of the temperature detecting element. In 
5 a light emitting device having a plurality of light eiRittina 
elements, if part of the regions 1111 and 1112 for disposing 
the temperature detecting eieir.ent is disposed immediately 
beneaih a specific light emitting element {in a region of light 
emitting element projected on the driver IC chip), the 

10 temperature detecting element may have an excessive effect of 
heat generation of the specif ic light emitting element . As shown 
in Figs. 11, since disposed regions 1111 and 1112 of the 
temperature detecting element are not present i.TMediately 
beneath any light emitting element, the temperature detecting 

15 element can detect correctly the average temperature of all light 
emitting elements. 

In the light emitting device of the embodiment 4, the 
structure is the same as in the embodiments 1 to 3 except for 
layout of temperature detecting element . Duplicate explanation 

2C is omitted. Since the structure of essential parts of the light 
emitting device in the em.bodiment 4 is the same, the same effects 
as in the embodiments 1 to 3 are obtained. In this the embodiment, 
combinations of number of light emitting elements and number 
of convex lenses is arbitrary, same as in the embodiment i . 

2 5 A lighting equipment can be made by connecting in parallel 
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apluraiaty of light emitting devices in anyoneof the embodiments 
1 to 4. 

Although the present invention has been described with 
respect tc its preferred embodiments in some detail, the 
disclosed contents of the preferred embodiments may change in 
the details of the structure thereof, and any changes in the 
combination and sequence of the component may be attained without 
departing from the scope and spirit of the claimed invention. 

INDUSTRIAL APPLICABILITY 

The invention is useful for a semiconductor chip for 
driving a light emitting element, a light emitting device, and 
a lighting equipment. 



